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1. INTRODUCTION 
Following the early characterisation f cathepsln 
B as a cysteine proteinase, at least 5 more enzymes 
in this class have been described, designated 
cathepsins H,L,N,S and T [1-4]. We have shown 
that the collagenolytic activity of bovine spleen 
was caused by cathepsin B and cathepsin N [5]. In 
[6], cathepsin L isolated from rat liver was also re- 
ported to degrade collagen. We have now investi- 
gated the cysteine proteinases of rabbit liver, with 
particular emphasis on the major sources of col- 
lagenolytic activity in this tissue. 
2. MATERIALS AND METHODS 
Arginine-N-methylcoumarin (Arg-NMec) and 
carbobenzoxy-L-phenylalanyl-L-arginine-N-meth- 
ylcoumarin (Z-Phe-Arg-NMec) were obtained 
from Bachem (Budendorf). Haemoglobin and in- 
soluble collagen were obtained from the Millipore 
Corp. (Freehold N J). Before use, the haemoglobin 
was cleared of residual peptide contamination by 
dialysing against de-ionised water and subse- 
quently freeze dried. Benzoyl-L-arginine-fl-naph- 
thylamide (BANA) and azocasein were purchased 
from Sigma Chemicals (Poole, Dorset). Pepstatin 
was obtained from the Protein Research Founda- 
tion (Osaka). DEAE-cellulose was purchased from 
Whatman (Maidstone, Kent). All other chromato- 
graphic resins were supplied by Pharmacia Fine 
Chemicals (Uppsala). Ampholines were supplied 
by LKB (Uppsala). All solutions were prepared in 
distilled-deionised water. 
2.1. Enzyme assays 
The assays for Z-Phe-Arg-NMec and Arg-NMec 
hydrolysis were based on those originally de- 
scribed in [7]. Activity against native collagen at 
pH 3.5 was assayed as in [8], with 10 mM cysteine 
replacing dithiothreitol as activator. Activity 
against azocasein was based on the method in [9]. 
The assay for haemoglobin degradation was as in 
[8] with pepstatin being added to inhibit any con- 
taminating activity from cathepsin D. 
2.2. Protein estimation 
Eluates from chromatographic columns were 
monitored at 280 nm using an LKB Uvicord S 
monitoring system. For all other protein estima- 
tions, the Coomassie brilliant blue G-250 staining 
technique in [10] was used. 
2.3. Purification of collagenolytic athepsins 
Rabbit liver (200 g) was homogenised in 2 vol. 
100 mM sodium acetate buffer (pH 5.0) containing 
1 mM EDTA and 0.2% Triton X-100 using a Poly- 
tron homogeniser (Kinematica, Lucerne) at max- 
imum speed for 2 min. The extraction was com- 
pleted by stirring overnight at 4°C. The resulting 
homogenate was centrifuged at 15 000 x g for 
20 min and the pellet washed with a further vol- 
ume of the isolation buffer. The pooled superna- 
tants were acidified to pH 4.2 with 2 M HC1 and 
precipitated protein removed by centrifugation at 
15 000 x g for 20 min. A 20-65% saturation am- 
monium sulphate fraction of the supernatant was 
taken and the precipitated protein redissolved in a 
minimal volume of 20 mM sodium phosphate 
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buffer (pH 5.8) containing l mM EDTA (buffer 
A), the pH being readjusted to 5.8 with 1M 
NaOH. This solution was clarified by centrifuga- 
tion at 27 000 x g for 20 min. Ammonium sul- 
phate was then removed by filtration on a column 
of Sephadex G-25 in buffer A. The pooled protein 
fractions were applied to a column of CM- 
Sephadex C-50 (22 x 4.8 cm) pre-equilibrated in 
the same buffer. After washing with 2 column vol. 
buffer, the collagenolytic activity was eluted with a 
linear gradient (0-0.6 M) of NaC1 in buffer A 
(2 x 900 ml). Two peaks of collagenolytic activity 
were eluted at 0.09 M and 0.32 M NaC1. 
The pooled activities of the first peak were sub- 
jected to hydrophobic hromatography b  taking 
to 3570 saturation with ammonium sulphate and 
applying to a column of phenyl-Sepharose 
(10 x 1.6 cm) pre-equilibrated in 35% ammonium 
sulphate dissolved in buffer A. After washing with 
10 column vol. equilibration buffer, enzyme ac- 
tivity was eluted with 50% ethylene glycol in buffer 
A. This step was highly effective in concentrating 
the dilute sample obtained from CM-Sephadex 
chromatography with a 2-fold purification. Active 
fractions were taken into 10 mM sodium phos- 
phate buffer (pH 5.8) containing 0.5 mM EDTA 
(buffer B) by filtration on Sephadex G-25 and 
then applied to a column of DEAE-cellulose DE52 
pre-equilibrated in this buffer. After washing with 
buffer B the column was developed with a linear 
gradient (0-0.3 M) of NaC1 in buffer B 
(2 x 400 ml). Arg-NMec-hydrolysing activity was 
eluted at 40 mM NaC1 and collagen-degrading ac- 
tivity was eluted at 100 mM NaC1. 
The pooled activities of the second peak from 
CM-Sephadex were similarly fractionated on phe- 
nyl-Sepharose but in 2570 ammonium sulphate. 
Activity eluted with 50% ethylene glycol in buffer 
A was applied to a column (85 x 4.4cm) of 
Sephadex G-75. Fractions active against native 
collagen were concentrated by a further chromato- 
graphic step on phenyl-Sepharose and then taken 
into buffer A on a column of Sephadex G-25. 
The collagenolytic enzyme purified from the 
second CM-Sephadex peak was applied to an LKB 
preparative isoelectrofocusing column (440ml) 
containing 1% ampholine (pH 4-6) and developed 
as described by the manufacturers, with a focusing 
time of 29 h. 
3. RESULTS AND DISCUSSION 
The first peak of activity towards native collagen 
from CM-Sephadex also contained activity to- 
wards BANA, Z-Phe-Arg-NMec and Arg-NMec. 
These activities were then further separated on 
DEAE-cellulose. The peak eluted at 40 mM NaCI 
was active against Arg-NMec and BANA but con- 
tained little or no activity towards either Z-Phe- 
Arg-NMec or native collagen. This enzyme peak 
was therefore characterised ascathepsin H [9]. The 
peak eluted at 100 mM NaC1 contained the col- 
lagen-degrading activity and was also active 
against Z-Phe-Arg-NMec and BANA. These ac- 
tivities characterised the enzyme as cathepsin B 
[111. 
The cathepsin B present in the first peak on 
CM-Sephadex accounted for only 3070 of the col- 
lagenolytic activity applied to the column. The re- 
maining activity was found in a peak eluted with a 
higher salt concentration which also contained ac- 
tivity against Z-Phe-Arg-NMec, but was devoid of 
activity against either BANA or Arg-NMec. Fur- 
ther purification of this second enzyme on 
Sephadex G-75 indicated that the collagenolytic 
enzyme had 29 000 Mr. The Z-Phe-Arg-NMec hy- 
drolysing activity co-chromatographed with the 
collagenolytic activity. By this stage 1000-fold pu- 
rification had been achieved with up to 50% recov- 
ery of the total collagenolytic activity in the origi- 
nal extract. This enzyme was split into 3 fractions 
on isoelectrofocusing, with 1 major peak at pH 5.3 
and 2 minor peaks at pH 5.7 and pH 5.9. All 3 
peaks exhibited activity against both native col- 
lagen and Z-Phe-Arg-NMec. 
Identification of these 3 fractions with respect o 
the collagenolytic enzymes in [1-3] is complicated 
by the lack of specific assays for these enzymes. 
Protein substrates have been used routinely to as- 
say cathepsins L, N and S. These are azocasein, 
collagen and haemoglobin, respectively. However, 
it is not clear to what extent each enzyme is able to 
degrade the other 2 substrates and furthermore 
only 1 enzyme has ever been isolated from a single 
tissue. Initial estimation of activities of the 3 en- 
zyme peaks from IEF showed that all 3 were capa- 
ble of degrading azocasein, collagen and haemo- 
globin, but to variable extents depending on the 
preparation. On closer examination the relative ac- 
tivity of any 1 enzyme preparation on the 3 sub- 
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Fig.l. (a) Measurement of activity vs enzyme con- 
centration for the protein substrates collagen, azocasein 
and haemoglobin• (b) Measurement of azocasein de- 
grading activity vs enzyme concentration at different 
concentrations of substrate. 
strates was found to depend on the enzyme con- 
centrations used in each assay. A study of the 
linearity of the 3 enzyme assays with respect o en- 
zyme concentration was therefore initiated• 
A range of concentrations of the major enzyme 
peak from IEF was assayed for azocasein, collagen 
and haemoglobin degrading activity using the as- 
say procedures described. The results (fig.la) 
clearly show that the collagen-degrading activity is 
proportional to enzyme concentration and lower 
levels of activity are detected with the collagen as- 
say than with either the azocasein or haemoglobin 
assays• The graph of activity vs enzyme concentra- 
tion for these latter assays were sigmoidal, proba- 
bly because the endopeptidase nature of the en- 
zyme only yields peptides small enough to be 
trichloroacetic acid-soluble during later cleavages. 
Lowering the concentration of azocasein in the as- 
say mixture (fig.lb) produced an approximately 
linear plot. However, the resultant increase in sen- 
Table ! 
Activity of the enzyme fractions from the isoelectro- 
focusing column against different protein substrates 
Protein hydrolysing activity 
Substrate pI 5.3 pI 5.7 pI 5.9 
(w/v) enzyme enzyme enzyme 
Azocasein (0•5%) 5.5 7.0 6.5 
Collagen (0.33%) 67.0 71.2 73.2 
Haemoglobin (2.0%) 33.5 28.5 34.5 
In each assay the number of enzyme units added to the 
incubation mixture was kept constant. These were as 
follows: azocasein, 0.25 unit; collagen, 0.06 unit; 
haemoglobin, 0.25 unit. All incubations were for 3 h at 
37°C. Results are expressed as /ttg peptide material re- 
leased, min -1. unit of enzyme -1. One unit is defined 
as the amount of enzyme to hydrolyse 1 ~mol Z-Phe- 
Arg-NMec/min at 37°C 
sitivity was coupled with a reduced assay range for 
the enzyme as the substrate was rapidly exhausted• 
The converse was true for higher concentrations of
azocasein when low levels of enzyme showed al- 
most no detectable activity• Thus the perceived 
substrate specificity of the enzyme depends upon 
the enzyme concentrations and assay conditions, 
emphasising the need to define precisely the condi- 
tions of assay and amount of enzyme used when 
such substrates are used. 
The levels of enzyme activity of the 3 peaks of 
activity from IEF were determined from their Z- 
Phe-Arg-NMec-hydrolysing activity as this assay 
proved to be very sensitive and linear with respect 
to enzyme concentration• Equivalent activities of 
each enzyme fraction were then assayed using 
azocasein, collagen and haemoglobin as substrates 
by the methods described (table 1). Under these 
conditions all three enzyme fractions have similar 
levels of activity towards the 3 substrates. This 
strongly suggested that the 3 peaks of activity from 
IEF were i so -enzymic  forms of the same enzyme• 
The rabbit liver isoenzymes i olated in this study 
are chromatographically similar to rat liver cathep- 
sin L which is also highly active against Z-Phe- 
Arg-NMec [1,6]. The collagenolytic cathepsin iso- 
lated from bovine spleen, cathepsin N, has been 
shown to elute from CM-Sephadex at a much 
lower salt concentration, similar to that which 
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elutes rabbit liver cathepsin B [2]. Furthermore, 
bovine spleen cathepsin N appears to have a lower 
activity towards Z-Phe-Arg-NMec than found for 
either of the rabbit liver enzymes (unpublished). 
The enzymes eparated by IEF from rabbit liver 
more closely resemble rat liver cathepsin L and are 
thus characterised as isoenzymic forms of cathep- 
sin L. This work indicates that bovine spleen and 
rabbit liver contain a different complement of cys- 
teine proteinases, since an enzyme resembling 
cathepsin N has not been found in the rabbit liver 
preparations. This work and [1-3] suggest that the 
major differences between cathepsins L, N and S 
are brought about partly by species and/or tissue 
variations and partly by assay techniques. To re- 
solve these apparent differences, additional studies 
are in progress to examine the inter-relationship 
between the 3 cysteine proteinases, cathepsins L, N 
and S, in various preparations of liver and spleen. 
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